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Abstract 
This study was conducted to investigate the effects of active learning applications, based on constructivism, related to the subject
of “Acids and Bases”, on high school students’ learning achievements and attitudes toward chemistry lesson. For this purpose, a 
new active learning material was developed by considering students’ misconceptions and learning difficulties, and its effects 
were determined by participation of forty-five students from two different classes which were randomly assigned to experimental
(N=21) and control (N=24) groups. The results of the pre-test (KR-20=0.81) showed no significantly differences between groups 
(F(1-43)=2.66, p>0.05). The instructions of “Acids and Bases” were accomplished with active learning material in the experimental 
group and with teacher-centred approach in the control group. After the instruction, the ‘Acids and Bases Achievement Test’ (KR-
20=0.79) was administered to determine students’ learning achievements, and significantly differences were found between 
experimental (M=80.76) and control (M=47.83) groups (F(1-43)=102.529, p<0.05). Students’ answers to the test and also 
individual interviews indicated that in contrast to control group, experimental group students had significantly lower proportion
of misconceptions about Acids and Bases. Students’ answers to the ‘Attitude toward Chemistry Lesson Scale’ (Į = 0.81) also 
reflected positive increases in four dimensions as (i) Interest in chemistry lesson; (ii) Understanding and learning chemistry; (iii) 
The importance of chemistry in the life, and (iv) Chemistry and occupational choice (F(1-43)= 89.40, p<0.05).
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1. Introduction 
The main purpose of science education is to improve students’ understandings of scientific concepts. It is well 
known that students, who have been trained according to teacher centred traditional approach, were unable to 
integrate their knowledge, think critically and creatively, and this caused lower learning achievements and also 
misconceptions (Acar & Tarhan, 2008; Demircio÷lu, 2003; Felder, 1996; Herron, 1996; Nakhleh, 1992). For this 
reason, the traditional approach in where teacher is an information-giver to passive students appears outdated, and 
active learning methods requiring actively participated students have began to take more interest to help students 
being meaningful learner (Michael & Modell, 2003; Tarhan et al., 2008). The term of meaningful learner can be 
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explained as someone who can effectively construct their own knowledge in his/her mind (Bodner, 1986). Active 
learning provides this construction by engaging students in higher order thinking skills and minds-on activities. 
However, scientifically incorrect conceptions that labelled as misconceptions in the literature adversely influence 
this learning process (Bodner, 1986; Ben-Zvi,  Eylon & Silbertein, 1986; Jonassen, 1991).  
Especially chemical concepts are regarded as abstract and difficult to understand, and this causes misconceptions. 
One of these chemistry concepts is ‘Acids and Bases’ (Banerjee, 1991; Cros et al., 1986; Demircio÷lu, Ayas & 
Demircioglu, 2005; Hand et al., 1991; Nakhleh et al., 1994; Sisovic & Begovic, 2000). Researches indicated that 
students at the different level from elementary school to university have misconceptions about ‘Acids and Bases’
(Demircio÷lu, Ayas & Demircio÷lu, 2005; Furio-Mas et al., 2007; Orgill & Sutherland, 2008; Sheppard, 2006; 
Schmidt, 1991). Therefore, there is a need of construction active learning materials to enhance students’ scientific 
understanding and preventing misconceptions. (Demircioglu, Ayas & Demircioglu, 2005; Sisovic & Bojovic, 2000).  
Attitudes, like learning achievement, are also important outcomes of science education (Cheung, 2009). Researches 
underlined that there are positive correlation between attitude and learning achievement (Salta & Tzougraki, 2004; 
Okebukola, 1986; Koballa, 1988). 
2. Method 
2.1. Purpose of the Research 
The purpose of this study was to investigate the effects of active learning applications, based on constructivism, 
related to the subject of “Acids and Bases”, on high school students’ learning achievements and attitudes toward 
chemistry lesson.  
2.2. Participants 
The participants were forty-five high school students (17 years of aged) from two different classes, which 
randomly assigned to the experimental (N=21) and control groups (N=24), in a high school in Turkey. This research 
is a comparative study that employed an experimental group that was trained with active learning material and 
control group that was taught in a traditional teacher-centred manner. In the experimental group, twenty-one 
students were randomly stratified into their cooperative groups (one of them with five students and four of them 
with four students) according to their chemistry achievement in the first semester and social abilities determined 
according to the interviews with their teachers.
2.3. Instruments 
The pre-test by twenty-five multiple-choice items was developed to identify students’ pre-knowledge and 
concepts that are basis for learning ‘Acids and Bases’ by considering students’ misconceptions (Ebenezer & Gaskell, 
1995; Griffiths & Preston, 1992; Peterson, Treagust & Garnett, 1989; Sanger, 2000). The contents of the tests were 
validated by four university members and six high school chemistry teachers. The test was piloted with 148 11th
grade students for the reliability. After the item analysis the reliability coefficient (KR-20) was found to be 0.81.
Two-tier Acids-Bases Achievement Test by twenty-five items was developed to identify students’ understandings 
of ‘Acids and Bases’ by considering students’ learning difficulties and misconceptions (Bradley & Mosimege, 1998; 
Cros et al., 1986; Demircio÷lu, Özmen, & Ayas, 2001; Schmidt, 1991).  For the content validation and reduction of 
errors, the items were examined by four university members and six high school chemistry teachers. The test was 
piloted with 196 11th grade students for the reliability, and the reliability coefficient (KR-20) was found to be 0.79.
To determine student attitudes toward the chemistry lesson before and after the instruction, 5-point Likert type 
Attitude Toward Chemistry Lesson Scale (ATCS) with 25 statements were developed by considering literature 
review (Berbero÷lu & ÇalÕko÷lu, 1992; Freedman, 1997; Hofstein, Lunetta, 1982; Koballa, 1988; Koballa, Crawley 
& Shrigley, 1990; Salta & Tzougraki, 2004). For the validity, the scale had been reviewed by 7 educators in the 
different universities, and after the corrections the scale had been applied on 168 high school students for the 
reliability and Cronbach’s alpha reliability coefficient had found to be 0.81. The attitude scale has four dimensions; 
(1) Interest in chemistry lesson; (2) Understanding and learning chemistry; (3) The importance of chemistry in the 
life; and (4) Chemistry and occupational choice.  
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To ensure the reliability of this research study and also take more information about students’ unclear responses, 
15-minute semi-structure interviews were carried out with five students from both groups after the pre-test and with 
four students from experimental and six students from control groups after the Acids-Bases Achievement Test. 15-
minute semi-structured interviews were conducted with ten students from experimental group to investigate the 
reason of their responses to the ATCS. During the interviews, the conversations were autotaped, and the transcripts 
were analysed by the researchers and two lecturers in education faculty.
2.4. Procedure  
In this study, the active learning material was developed based on constructivism by considering students learning 
difficulties and misconceptions (Bradley & Mosimege, 1998; Cros et al., 1986; Demircio÷lu, Özmen & Ayas, 2001; 
Nakhleh & Krajcik, 1994; Ross & Munby, 1991; Schmidt, 1991; Sheppard, 2006). While developing the material, it 
was aimed to improve students’ cognitive and collaborative skills by creating opportunities for students to explore 
their ideas, recognize the conflict between their existing concepts and scientific concepts, construct the new 
knowledge by correlating with their existing conceptions, think, share ideas and discuss during the learning process.  
For the validity of the material, it was examined by four university members and five high school teachers, and the 
corrections were made according their comments. It was piloted by participation of 23 10th grade students attending 
in a high school. After corrections were made according to the feedbacks, the active learning material, including 
cooperative learning activities, laboratory experiments, demonstrations, computer animations were completed to 
apply.  Before the instruction, the pre-test was applied to determine students’ prior knowledge which are basis for 
learning ‘Acids and Bases’, and the results revealed no significantly differences between means of both groups 
(Table 1). A preparatory lesson was conducted to remedy students’ lack of knowledge and misconceptions 
determined according to the pre-test during 4 course hour in both group.  While instruction of ‘Acids and Bases’ was 
accomplished with active learning material in the experimental group, teacher-centred traditional approach was used 
in the control group. The instructions were accomplished in four week period including five class times per week by 
the same teacher. 
3. Results 
In order to identify students’ prior knowledge which are basis for learning ‘Acids and Bases’, the pre-test was 
applied. ANOVA was used to compare the tests scores of the experimental and control groups. As seen in Table 1, it 
was found that the mean scores of the experimental and control groups were 40.14 and 41.92 respectively and 
statistical results showed that there were no significant differences among experimental and control groups in terms 
of pre-test (F(1-43)=2.66, p>.05).
Table 1. ANOVA Results of the Pre-Test
Group N Means ( X ) Standard Deviation (SD) Standard Error (SE) F p 
Experimental Group 21 40.14 3.69 0.81 
Control Group 24 41.92 3.60 0.73 
Total 45 41.09 3.71 0.55 
2.66 0.110 
The results of the 15-minutes semi-structure interviews with five students from two classes indicated that students 
had some misconceptions related to the basic subjects for learning ‘Acids and Bases’ such as periodic table, 
electronegativity, chemical bonding, inter molecular forces, chemical equilibrium. 
In order to identify students’ understandings of ‘Acids and Bases’, the achievement test was applied and the tests 
scores of the experimental and control groups were compared by ANOVA. The results showed that while the mean 
score of the experimental group was 80.76, the mean score of the control group 47.83 and there was significant 
difference between group (F(1-43)= 102,529, p<0,05; Table 2).   
Table 2. ANOVA Results of the Achievement Test
Group N Means ( X ) Standard Deviation (SD) Standard Error (SE) F p 
Experimental Group 21 80.76 12.21 2.66 
Control Group 24 47.83 9.58 1.95 
Total 45 63.20 19.79 2.95 
102.529 .000 
2628  Burcin Acar Sesen and Leman Tarhan / Procedia Social and Behavioral Sciences 2 (2010) 2625–2630 
The results of the achievement test and also 15-minutes individual interviews with 4 students from experimental 
and 6 students from control group reflected that experimental group student had lower misconceptions and lack of 
knowledge comparison with control group. These misconceotions were classified under the subheadings of; -Acid
and Base Theories; -Metal and non-metal oxides; -Acid and base strengths; -Neutralization; -pH and pOH; -
Hydrolysis; -Acid-Base Equilibrium; -Buffers; -Indicator; -Titration.
To assess students’ attitudes towards chemistry lesson before and after the instructions ATCS was applied. The 
result of ANOVA indicated that although there were no significant differences between experimental and control 
groups before the instruction (F(1-43)= 0.02,  p>0.05), significant differences were found between groups  after active 
learning application (F(1-43)= 89.40, p<0.05). This result reflected the significant increases of experimental group 
students’ attitudes towards chemistry lesson (Table 3).  
Table 3. Pre- and Post Mean Scores of Experimental and Control Groups in the ATCS
Group Test Means ( X ) Standard Deviation (SD) Standard Error (SE) 
Pre 71.10 10.00 2.18 Experimental Group (N=21) Post 88.57 6.73 1.47 
Pre 70.75 5.71 1.17 Control Group (N=24) Post 71.13 5.65 1.15 
Pre 70.91 7.91 1.18 Total (N=45) Post 79.27 10.71 1.60 
Students’ answers to the ATCS were analysed in four dimensions as (i) Interest in chemistry lesson; (ii) 
Understanding and learning chemistry; (iii) The importance of chemistry in the life, and (iv) Chemistry and 
occupational choice. The results showed that experimental group students’ mean scores for all the dimensions 
increased significantly comparison with control group students (p<0.05). These increases were arranged as; -
Understanding and learning chemistry ((F(1-43)= 37.05, p<0.05), -Interest in chemistry lesson (F(1-43)= 16.17, 
p<0.05), -The importance of chemistry in the life (F(1-43)= 9.89, p<0.05), -Chemistry and occupational choice (F(1-
43)= 7.30, p<0.05).
4. Discussion 
The present study was an investigation of the effects of active learning applications based on constructivism 
related to “Acid and Bases” on high school students’ learning achievements and attitudes towards chemistry lesson. 
The results of this study showed active learning applications cause a significantly better acquisition of scientific 
conceptions, and ensure positive attitudes toward chemistry lesson in comparison with traditional instruction.  
According to the findings of the achievement test, it was found that  mean scores of experimental group (80.76)  is 
significantly higher than control group (47.83) (F(1-43)= 102.529, p<0.05). The difference of the scores in the 
experimental group can be explained by the positive effects of active learning on students’ understandings of  ‘Acids
and Bases’. In the other hand, students’ responses to the test and also semi structure individual interviews showed 
that while students in the active learning class has a little amount and percentage of misconceptions about acids and 
bases, students taught according to traditional teacher centred learning approach have many misconceptions. This 
situation shows the positive effects of active learning applications based on constructivism on improving students’ 
learning achievements, preventing misconceptions and enhancing students’ higher order thinking skills such as 
analysis, making connections, synthesis, analytical thinking cognitive in contrast with traditional approach. Some 
misconceptions were identified about the subjects and concepts of acid-base theories, metal-nonmetal oxides, 
strength of acids and bases, neutralization, pH and pOH, hydrolysis, acid-base equilibrium, buffer, indicator, 
titration. The interviews conducted with students in the experimental and control groups after the achievement test 
gave the detailed information about the reasons of those misconceptions. Students’ responses reflected that 
misconceptions related to Acid-Base Theories generally related to having difficulties with the use of different models 
used in acid–base chemistry as indicated in the previous studies by Schmidt (1995), Vidyapati and Seetharamappa 
(1995), Kousathana et al. (2005). Because the chemistry curriculum undertake the subjects of ‘Acids and Bases’
according to Arrhenius and Bronsted-Lowry Theory, and the differences between these theories could not give 
apprehensible, students commonly confused the theories with each other, could not give the correct acid-base 
samples and had difficulties in explaining Lewis Theory. The causes of the misconceptions about metal and 
nonmetal oxides and acid-base strengths were generally related to be failed in using and integrating their prior 
knowledge about metals, nonmetals, periodic table, ionization energy, atom size, electronegativity, solubility, and 
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inter and intra molecular forces. It was also obtained that student, who had misconceptions about pH and pOH,
could not understand the logarithmic nature of pH as mentioned by Sheppard (2006). The misconceptions with high 
percentages were related to neutralization, hydrolysis, buffers and indicators. The interviews reflected that the 
reason of these misconceptions have close relationship with each other. Students commonly confused the term of 
neutral and neutralisation, and so they could not associate neutralisation reaction with the concentrations and 
strengths of acids / bases. This also cause the misconceptions related to hydrolysis and buffers.  It was obtained that 
students who had lack of knowledge and misconceptions related to the concepts of chemical equilibrium, solution 
and neutralization could not explain buffers as underlined by Ross and Munby (1991) and Sheppard (2006).  
The most important factors that effects students’ attitudes is learning environment. Studies have consistently 
found strong associations between positive attitudes and positive classroom learning environments, and moderate 
associations between learning environment and cognitive achievement (Haertel, Walberg & Haertel, 1981). This 
study also supports this realty. In the coherent with the findings of Hinde and Kovac (2001), students not only 
learned the subject more thoroughly, they also had a more positive attitude after the active learning process.  As
mentioned by Shulman and Tamir (1973), Lazarowitz and Tamir (1994) and Okebukola (1986), the results of ATCS 
and individual interviews indicated that students began to like chemistry, find chemistry as interesting and 
necessary,  and  require teaching period of the chemistry lesson is more often.  
In conclusion, the obtained results from this study showed that in contrast to traditional teacher centred approach, 
application of active learning material based on constructivism increased students’ learning achievements of “Acids
and Bases”, prevented students’ misconception in a high proportion and helped to develop students’ positive 
attitudes towards chemistry lesson. For this reason, it is crucial to develop, apply and generalized active learning 
materials based on constructivism in whole of the chemistry curriculum.  
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